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the Electrochemically produced ZnO anode cycled for 270 cycles, 

thus showing improvement in cycle life performance without the 

use of any additive. 

ÅElectrochemically 

produced ZnO anode 

cycled for 270 cycles, 

thus of any additive. 
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Å  The low cost, high theoretical specific capacity (617 mAh g-1) and 

environmentally benign nature of ὓὲὕ  makes it a very attractive 

material for a host of electrical energy storage applications.  

ÅThe most widely accepted model of ὓὲὕ  discharge consists of a 

solid state proton-electron intercalation process upto the 1st 

electron forming h -ὓὲὕὕὌ and/or ɹ - ὓὲὕὕὌ  and a 

dissolution-precipitation process during the 2nd electron discharge 

forming ὓὲὕὌ  and ὓὲὕ (hausmannite).  

ÅThe cycling of ɹ- ὓὲὕ  at deeper depth of discharge (DOD) even 

in the 1st electron region is lucrative as it can considerably reduce 

the capital cost investment to less than $100/ KWh. 

 

Å The objective of the project is to investigate the  mechanism of 

capacity decay of  ɾ ὓὲὕ  cathodes in different KOH 

concentrations in the 1st electron homogenous region in the 

absence of zinc.  

I ntroduction  In -Situ Mn (III) Dissolution  

Conclusions  
×ὓὲὕ  discharge capacity retention is a strong function of the 

KOH concentration with maximum retention in 10 wt.% KOH and 

least in 37 wt.% KOH. 

×Due to higher solubility of Mn(III) ions in 37 wt.% KOH, greater 

amount of birnessite is formed on charge . 

×Birnessite is inactive species in the 1st electron region since its 

discharge potential is lower due to the presence of lower 

oxidative species such as Mn(III) and Mn(II). 
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Results  

ÅXRD analysis of the blackish substance on the separator revealed 

the birnessite phase. 

ÅThe hypothesis for greater capacity fade in 37 wt. % KOH was 

considered to be birnessite formation. 

 

ÅAdvantages : The ὓὲὕ  potential is monitored and controlled 

within 0.32 V to -0.38 V vs Hg|HgO (unlike in Zn|ὓὲὕ  cells 

where the cell potential is monitored). This restricts the cathode 

from falling into the 2nd electron region and thus sheds light on 

the decay mechanism in the ρ  electron region only.  

ÅDisadvantage: The compact nature of a Zn|ὓὲὕ  cell is not 

achieved here as the Ni counter electrode does not expand 

similarly to the Zn electrode. 

ÅCapacity retention in 10 wt. % KOH is substantially higher than in 
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XRD  

ÅThe XRD analysis 

clearly shows that the 

EMD peak όннɕύ 

vanishes in higher 

KOH concentrations 

but is preserved in 10 

wt. % KOH. 

ÅBirnessite or  ɻ- 

ὓὲὕ  is the  

major phase  

that is seen in  

all the cycled  

ὓὲὕ  cathodes.  

SEM  
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ÅThe мнΦрɕ .ƛǊƴŜǎǎƛǘŜ peak intensity is higher for 37 wt. % KOH 

compared to 10 wt.% KOH signifying larger amount of birnessite 

present in samples cycled with 37 wt.% KOH. 

0.2 g (50 wt. % EMD) active material 

21.5 g(80 wt. % EMD) active material, first discharge 
@ 50% DOD 

Mn 
oxidation 

state 

Area 
% 

Mn IV) 70.76 

Mn(III) 18.85 

Mn(II) 10.4 

Å In-situ Mn dissolution tests from ὓὲὕ  cathodes were conducted 

using a Pt detector wire situated very close to the cathode and 

whose response is recorded as Iring. 

ÅMn(III) dissolution is 3 times higher in 37 wt.% KOH than in 25 

wt.% KOH and almost negligible in 10 wt.% KOH.  

ÅDischarge of ὓὲὕ  cathode @ 50% DOD follows a combined 

homogeneous and heterogeneous discharge mechanism. 

ÅPresence of significant quantity of lower oxidation states in 

birnessite causes it to discharge at lower potential making it an 

inactive species in the 1st electron region 

82% loss 

10% loss 

56% loss 


